Abstract. The aim of the study was to evaluate the effects of inclusion plant source of n-3 fat in the form of alpha-linolenic acid (ALA, 18:3n-3) on the diets of layers on production performance and physical quality of eggs. A total of 125 Hy-Line Brown hens (38 weeks old) were placed at individual cages and assigned to five dietary treatments. The dietary treatments were supplemented with 0, 1.5, 3.0, 4.5 and 6.0% purslane meal. Laying hens were fed for five weeks following a seven day adaptation period. Water and feed were provided ad libitum. Feed intake (FI) measured weekly and feed consumption ratio (FCR) was calculated at the end of the trial. A total of 25 egg yolk samples of day 35 (n = 5 egg yolks for each treatment) were collected to analyse physical quality of eggs. The data were analyzed using analysis of variance. Differences between treatment means were further analyzed using Duncan's New Multiple Range Test (DMRT). Results showed that the incorporation of plants rich in ALA did not modify FI, FCR, and egg production. Supplementation of purslane meal in the diets had no effect on physical quality of eggs, including egg weight, yolk weight, albumen index, yolk index and Haugh Unit (HU). The average of egg weight and yolk weight were 60,5 and 15.3 g, respectively. Diet containing purslane meal increased yolk colour. In conclusion, laying hens that fed diet supplemented with purslane meal rich in ALA improved yolk colour and did not change the production performance of the laying hens or the qualities of the eggs.
Introduction
Purslane provides a rich plant source of nutritional benefits (Sudhakar et al., 2010) . Purslane is a green plant that is a source of many nutrients and contains many biologically active compounds, such as β-carotene, alphatocopherol, and ascorbic acid. Purslane is one of herbaceous weeds containing high level of omega-3 polyunsaturated fatty acids, alphalinolenic acid (n-3 PUFA, ALA, 18:3n-3), which is essential for normal human growth, health promotion, and disease prevention. Feeding laying hens with plant seeds or oils, rich in the n-3 PUFA, can be one of dietary approach to enhance n-3 fats in eggs. This strategy rests on the ability of laying hens to convert ALA to DHA. Some researchers reported that the n-3 fatty acid level of eggs increased by adding plant sources of n-3 PUFA (ALA), such as flax seed (Hayat et al., 2009) , hemp seed (Gakhar et al., 2012) or chia seed (Ayerza, 2009) . For example, the inclusion of 10% flaxseed (~33% ALA) in the diets of laying hens resulted in a higher accumulation of n-3 fatty acids than a control diet (Bean and Leeson, 2003) . In addition, Kartikasari et al. (2014) reported that supplementation of flax seed oil enhanced the level of n-3 long chain polyunsaturated fatty acid (n-3 LCPUFA), such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), without reducing production performance.
While a number of studies reported the use of plant seeds, oil seeds or vegetable oils rich in ALA in n-3 fat content of eggs, there is little information in relation to the use of plant sources in performance parameters and egg quality. Some researchers found that the inclusion of high dietary levels of flaxseed (10%) have been associated with a decrease in performance parameters such as reducing feed intake (Sari et al., 2002; Bean and Leeson, 2003) , egg production (Sari et al., 2002) , egg weight and yolk weight (Caston et al., 1994) . However other investigators reported that the inclusion of dietary levels of purslane meal (2%) increase egg weight and egg production (Aydin and Dogan, 2010) . Therefore, the objectives of the current study included the evaluation of production performance and physical quality of eggs of laying hens fed diets supplemented with purslane meal, as a source of ALA.
Materials and Method

General
A total of 125 Hy-Line Brown hens (38 weeks old) were allocated at individual cages and assigned to five dietary treatments. Upon arrival, the hens were immediately weighed and housed one per cage (500 mm wide × 550 mm deep x 500 mm high). The dietary treatments were the corn-soybean based diets containing crude protein 18% and energy 2,844 kcal/kg. The diets were supplemented with 0, 1.5, 3.0, 4.5 and 6.0% Portulaca oleracea meal. Each of the five experimental treatments was replicated five times with five laying hens each. Laying hens were fed for five weeks following a seven day adaptation period. Water and feed were provided ad libitum for the duration of the experiment. During the first few days, the laying hens were observed at frequent intervals to ensure that they were comfortable with the environmental conditions and that all had access to adequate feed and water. The data of production performance were taken for a four week period. Feed consumption was measured weekly and FCR was calculated at the end of the trial (kg feed/kg egg). All hens were weighed individually at the beginning and at the end of the experimental period. A total of 25 egg yolk samples of day 35 (n = 5 egg yolks for each treatment) were collected to analyse physical quality of eggs.
Statistic. This experiment was based on a one-way classification design. The variable factor was varying levels of Portulaca oleracea meal, as a source of ALA in the diet. There were five diets comprised of a control diet and four experimental diets. The diets were a basal diet supplemented with 0, 1.5, 3.0, 4.5 and 6.0% Portulaca oleracea meal (w/w). The level of fat in the diets was held constant at approximately 3.5%. The data were subject to analysis of variance (ANOVA). Differences between treatment means were further analysed using Duncan's New Multiple Range Test (DMRT) with significance level of P<0.05.
Results and Discussion
Production performance
Supplementation of dietary purslane meal did not significantly affect (P>0.05) the production parameters measured including feed intake, feed conversion ratio, and egg production of laying hens (Table 1) . It is known that supplemented purslane feed until 6% does not stimulate the function of pancreatic enzymes (lipases, amylases and proteases), and that some also increase the activity of digestive enzymes of gastric mucosa. Futhermore, purslane work to decrease enzyme activities in the current study was possibly due to the antioxidants in purslane which act against oxidative stress prevoiusly.
The average of hens feed intake fed on diets supplemented with purslane meal 0, 1.5, 3.0, 4.5, and 6.0% was 100. 16, 97.15, 100.47, 102.99, and 94 .32 g/day, respectively. The average of feed conversion ratio of hens fed diets containing purslane meal was 2.11. Srinivasan (2005) states that It is known that most spices stimulate the function of pancreatic enzymes (lipases, amylases and proteases), and that some also increase the activity of digestive enzymes of gastric mucosa.
Another researchers reported that the supplementation of high dietary levels of flaxseed (10%) have been associated with decrease in performance parameters (Bean and Leeson, 2003) . Importantly, under our condition, ALA enrichment by including purslane meal up to 6% did not adversely affect the performance parameters of laying hens. In addition, Evaris et al. (2015) found that the dietary inclusion of purslane meal (Portulaca oleracea) up to 200 g/kg resulted in the increase in feed consumption, egg production and FCR. These results were similar to other findings on the effect of diets containing different fat sources including tallow, canola, sunflower, soybean and flaxseed oil on the performance of laying hens (Lelis et al., 2009; Ceylan et al., 2011) . Kartikasari et al. (2012) reported that supplementation of vegetable oils rich in n-3 PUFA, such as canola oil and flaxseed oil, did not modify performance measurements including egg weight, egg production and FCR. The laying hens in all dietary treatment groups consumed a similar amount of feed throughout the trial, which suggests that there was no palatability problem or inhibitor effect such that reported when the diets were supplemented with high levels of flaxseed (Hayat et al., 2010) . Furthermore, including purslane meal into the diets did not influence FCR, which is similar to the reports of previous studies in which ALA rich sources such as flaxseed (Hayat et al., 2009; Al-Nasser et al., 2011) or flaxseed oil (Mazalli et al., 2004; Kartikasari et al., 2014) were supplemented in the diet.
Egg physical qualities
Supplementing different levels of Portulaca oleracea meal had no significant (P>0.05) effects on egg physical qualities including egg weight, yolk weight, yolk index, albumin index, and HU (Table 2) . Diets containing purslane meal did not change egg weight (60.6, 59.7, 63.3, 60.8, and 58 .3 for 0, 1.5, 3.0, 4.5, and 6.0% purslane meal, respectively) and yolk weight (14.9, 15.5, 15.6, 15.3, and 15 .2 for 0, 1.5, 3.0, 4.5, and 6.0% purslane meal, respectively). Physical quality of eggs are influenced by the feed consumption, methods : Basal diet + 0% Portulaca oleraceae flour, 1.5%: basal diet + 1.5% Portulaca oleraceae flour, 3%: basal diet + 3% Portulaca oleraceae flour, 4.5%: basal diet + 4,5% Portulaca oleraceae flour and 6%: basal diet + 6% Portulaca oleraceae flour; NS= Not significant : Basal diet + 0% purslane meal, P1: basal diet + 1.5% purslane meal, P2: basal diet + 3% purslane meal, P3: basal diet + 4.5% purslane meal and P4: basal diet + 6% purslane meal; * significant; NS= not significant of storage, the age of egg, texture shell, temperature and relative humidity during storage (Yuwanta, 2010) . Some researchers reported that the inclusion of high dietary levels of flaxseed (10%) caused a decrease in egg qualities, such as egg weight and yolk weight (Caston et al., 1994) . In this current study, purslane tends to increase egg weight and yolk weight, yolk weight, yolk index, albumin index, and HU (Nobaht, 2014) . Egg yolk color and egg weight by using purslane may be associated with the amount of feed intake, since by increasing the amount of purslane, the amount of feed intake increased thereby a higher amount of calcium was deposited in shell. Purslane were not affected by the supplementation of dietary ALA, suggesting that the use of 6% purslane meal as a source of ALA can be applied without affecting physical egg quality. The absence of an effect on egg weight by high ALA diets is in accordance with the previous studies (Grobas et al., 2001; Hayat et al., 2009 , Kartikasari et al., 2014 , using purslane may be associated with the amount of feed intake (Nobakht, 2014) . In addition, Evaris et al. (2015) reported that diets supplemented with 200 g/kg purslane meal did not affect egg quality. Diet containing purslane increased yolk colour of eggs. The yolk color intensity of eggs from laying hens fed with purslane enriched diet probably resulted from the fact that purslane consumed by these hens were a source of xanthophylls for egg yolks (Krawczyk et al., 2011) . In addition, purslane is rich in β-carotene so increasing the levels of purslane meal in the diets increased the amount of xanthophylls and vitamin A in the yolks, and this resulted in the increase in yolk color intensity. Using 6% of purslane in laying hens diets, may be the highest amounts of these carotenoids were transferred into egg yolk and elevated its color. Improve in yolk color density by using purslane medicinal plant is in agreement with previous observations (Rashed et al., 2004; Nobakht and Mehmannavaz, 2010; Sayedpiran et al. 2011; Nobakht and Mehmannavaz, 2013) .
Conclusions
It was concluded that the dietary inclusion of Portulaca oleracea meal up to 6% can be applied without affecting production performance of laying hens and physical quality of the eggs.
